Abstract -Four 6 m long and several 1 m long superconducting prototype dipoles have been built. The harmonics are within the allowed tolerances for storage ring operation. Two of the long coils have longitudinal spacers which eliminate the 14-and 18-poles present in two-shell dipole magnets with uniform current distribution.
INTRODUCTION
The proposed electron-proton collider HERA consists of a 30 GeV electron storage ring and an 820 GeV proton ring, the latter equipped with superconducting dipole and quadruple magnets. A developrent program has been started at DESY to build superconducting dipole magnets with 6.08 m magnetic length and 4.53 T nominal field. The magnets have a warm iron yoke and a cold beam pipe. This concept is rather similar to the Fermilab design. Several 1 m long prototype coils have been built and tested successfullyl. Meanwhile, four full sized coils have been produced with tooling suitable for mass production. The last two, labeled 6S3 and 654, have longitudinal spacers to improve the field homgeneity. As an alternative solution, dipole magnets with cold iron yoke are being developed by B E , Mannheim. Two prototype quadruple magnets have been built and successfully tested at Saclay.
The main features of the HERA dipole magnet are shown in Fig. 1 Table I .+The tolerance of the number of turns n = 104 correct coil angles and 10 cm Ilona stacks of stainless steel clamps, made from stamp& l--nations, are placed around the coil from the top and the bottom. The collared coil is corn pressed to its final shape with a force of about 4.5 106 N/m. The collars are locked by pulling 10 mm thick steel rods through the holes in the midplane (see Fig. 2 ). The rods can be removed if a field measurement should indicate that a reshirtuning of the coil is necessary. The top and bottom half coils are connected by a 10 cm long solder joint.
TESTS AND ~SULTS
Each clamped coil was investi- So far, cryogenic measurements have been performed only with two 1 m long coils with the same geometry as that of coils 6S1 and 6S2. The short sample critical current of the cable was reached after 4 and 13 training steps, respectively. The quench current was found to depend linearly on the temperature in the range 3.8 K to 5.0 K.
The hanmnics at helium temperature are listed i n Table 111 . They are generally within the required tolerances. The current dependence of the lower h m n i c s is plotted in Fig. 4 . The sextuple shows the well known hysteresis due to persistent currents but is constant at high currents. This indicates that the coils are clamped with sufficient precom- 
